Abstract This paper describes the development and pilot testing of a 10-week cancer research education program for Navajo undergraduate students. The program was piloted at Diné College with 22 undergraduates (7 men, 15 women) in 2007 and 2008. Students completed a pre-post program survey assessing attitudes, opinions, and knowledge about research and about cancer. The program was found to be culturally acceptable and resulted in statistically significant changes in some of the attitudes and opinions about research and cancer. Combining all 13 knowledge items, there was a significant (p=0.002) change in the mean total correct percent from baseline [70.3 (SD=15.9)] to postprogram [82.1 (SD=13.1)]. The curriculum was adapted for a new cancer prevention and control course now offered at Diné College, enhancing sustainability. Ultimately, these efforts may serve to build capacity in communities by developing a cadre of future Native American scientists to develop and implement cancer research.
Introduction
The reduction of cancer health disparities is a major public health priority in the USA [1, 2] . Cancer is the second leading cause of death among American Indian and Alaska Native (AI/AN) people [3] . The New Mexico Cancer Registry (∼200,000 cases from 1969 to 2004) indicates that 14,130 cancers (7%) occurred in AI in that state. Of these, 5,509 were Navajo, and the vast majority were living in the Navajo Nation at time of diagnosis. Kunitz [4] analyzed data from the Navajo Area Indian Health Service for New Mexico and Arizona and found that the crude average annual death rates from cancer increased significantly over the periods from 1972-1978 to 1998-2000 from 38.0 to 68.4 per 100,000. The 5-year relative survival for all cancer sites combined for AI/ANs is 35.2%, which is the poorest survival from cancer among all population groups [5, 6] .
One reason for the high mortality is that Native Americans are more likely to be diagnosed with cancer at an advanced stage [1, 6, 7] . This often is attributed to lack of knowledge and misunderstandings about cancer, contrasting cultural beliefs, inadequate availability of services, and underutilization of services and treatment options that are available [8] [9] [10] . Other issues contributing to inadequate cancer prevention and treatment among Native American communities include lack of involvement of tribes in research study design and dissemination of research data and lack of targeted programs to strengthen the science education of AI/AN youth and to promote mentored experiences in biomedical and public health research [11] . Nationally, few Native Americans complete Bachelor's degrees and only a small number go on to graduate school or professional programs [12] . From 2005 to 2006, AI/AN students accounted for <1% (0.7%) of the total 1.5 million Bachelor's degrees awarded [12] . They represented only 0.3% of students entering medical school, a rate of matriculation far below those of other ethnic groups with the exception of Native Hawaiians and Pacific Islanders (American Association of Medical Colleges) [13] . Critical to increasing the number of Navajo Indian students entering biomedical fields is an enhanced understanding of the factors that influence retention [14, 15] . Obstacles to pursuit of science degrees include the lack of role models and mentors in the sciences and in their communities, limited opportunities to obtain experience in a scientific field of study (i.e., through a summer internship), and cultural constraints such as support and encouragement from their families and communities to pursue a career in science [16] [17] [18] [19] . Due to the paucity of those who complete science degrees, Native Americans serving as principal investigators in community-based cancer research projects are rare. However, AI/AN scientists' cultural perspectives are essential to the successful conduct of research to effectively address the burden of cancer in their own communities.
In 2006, Diné College and the Mayo Clinic Cancer Center (MCCC) received funding for a 4-year P20 planning grant from the Minority Institution/Cancer Center Partnership (MI/CCP) program of the Center to Reduce Cancer Health Disparities of the National Cancer Institute. The goal of the partnership is to increase first and second year Navajo undergraduates' interest in and commitment to biomedical coursework and careers, especially in cancer research, that will benefit their community. The project has three aims focused on: faculty cancer research education, student cancer research education, and student training in cancer research. The current report focuses on one of these aims: student cancer research education. Diné College was established by an Act of the US Congress in 1968 as the first Native American tribally controlled college. It is chartered by the Navajo Nation and operates eight campuses to serve a reservation community spread over 27,000 square miles. Diné College, a 2-year undergraduate institution, serves approximately 2,000 students. In 2004, Diné College became the first tribal college to establish a degree program in Public Health.
The MCCC is one of 61 medical centers designated by the National Cancer Institute as a comprehensive cancer center. Mayo Clinic has experience working with and serving AI/AN communities through its two Native American programs (Native CIRCLE and Spirit of EAGLES) and the former Native WEB. Respectively, these programs have disseminated culturally appropriate cancer and nutritional information to AI/AN communities, provided infrastructure and capacity building programs in cancer care and research to AI/AN communities, and trained Tribal/IHS nurses and Community Health Representatives to provide breast/cervix cancer screening training and education [20] . These programs have been directed by Judith S. Kaur, MD, the second of only two Native American medical oncologists in the USA [21] .
MCCC's assets combined with Diné College's Native American student and faculty resources and history of community activity placed the two institutions in an exceptional position to effectively reach the Navajo community. This paper describes the development and pilot testing of a cancer research education program for Diné College undergraduate students.
Methods

Diné Educational Philosophy
In the development and design of this new program for students, we drew from the Diné Educational Philosophy (DEP) which informs and guides college-wide curriculum development and reform including public health education [22] . Developed by Navajo cultural specialists, this philosophy represents the essence of the Navajo outlook on life. The core philosophical concept around which the DEP is based is the statement Sa'ąh Naagháí Bik'eh Hózhóón, defined as "The Diné traditional living system, which places human life in harmony with the natural world and the universe. The philosophy provides principles both for protection from the imperfections in life and for the development of well-being" (General Catalog of Diné College). There are four key words, each associated with a multitude of symbolic and philosophical values, which provide a practical framework around which all aspects of college life and function, including curriculum, are developed. These are:
Nitsáhákees-thinking, assessing, reasoning Nahat'á -planning, action, putting ideas into place Iiná-achievement of outcomes, products, solutions, goals Sii hasin-demonstrate competency, confidence Summer Research Enhancement Program Summer Research Enhancement Program (SREP) is a 10-week summer enrichment training program in public health research methods for Native American undergraduate students. The program introduces students to the research process and to health professions, providing a foundation for assisting in basic public health research and evaluation projects. SREP students bring with them their own cultural and traditional experiences, values and knowledge, and the program attempts to build upon these unique experiences from a broader perspective. This is accomplished by integrating the concepts of holism, balance/harmony, kinship, and relatedness shared among AI/AN people. These broader perspectives assist students in drawing their own conclusions as to how they may play a role in organizing and conducting research in their own communities.
SREP was originally designed for students with an interest in diabetes prevention research as a component of the National Diabetes Prevention Center that was established in Gallup, New Mexico. Students participating in the program earn seven transferable college credits (a four-credit Public Health Research Methods course and a three-credit Research Practicum course). They receive a $3,200 stipend, housing in the campus dormitories for the 4 weeks of the program when they are in residence at Diné College, and three meals per day in the college cafeteria during those 4 weeks. For their 6-week practicum, they reside in their home communities and work in a local program or agency. The 10-week program consists of three stages as follows:
Stage 1 This stage involves 3 weeks of intensive training at the Diné College campus at Tsaile, Arizona where the students develop skills in public health research techniques. Students participate in education on public health, epidemiology, statistics, health promotion and disease prevention, cancer and diabetes disease processes, and research methods topics. The students develop competence working together in small groups on a hypothetical group public health intervention project in a designated Navajo community and then present their proposed interventions to their classmates and Diné College faculty and visitors at the conclusion of the first 3 weeks.
Stage 2 This stage involves a 6-week mentored research practicum experience. Each student is placed at a location in or close to his or her own community, in a cancer or diabetes prevention research or services program, where they contribute to a variety of ongoing activities. Placements are at programs on and near the Navajo Nation, primarily with the Navajo Area Indian Health Service or the Navajo Nation Division of Health.
The practicum is designed to empower the student with "realtime" practical knowledge and research skills, including data collection, for community-based research projects.
The core objective of the practicum is to assist the student in the application to a current real-life program of data collection and analytic methods and techniques utilizing concepts of public health and health promotion and disease prevention and incorporating culturally relevant aspects of disease prevention where appropriate. The goal is for the student to be able to apply his or her newly acquired knowledge of experimental design and statistical analysis in either a quantitative and/or qualitative research setting or in a health agency services setting. The student is encouraged to build upon this knowledge and adopt a strong bicultural approach in the research activities, bridging Native American healing knowledge and Western biomedical knowledge. Active participation with program personnel is an integral part of the practicum expectation.
SREP program objectives address outcomes both for the students and for the program in which they have been placed for their practicum. The students are expected to gain practical, hands-on experience engaging with professional staff and community members in health promotion, clinical, or research activities, participation in planning and conceptualizing health programming, and doing their own work with actual data collected through health activities or research. Objectives for the impact that the program should have on the practicum site and for the benefit of the mentor at that site include expectations that the student should directly contribute to the accomplishment of the ongoing objectives of the site, providing extra personnel resources to serve more clients or conduct more activities. The data analysis that the student completes as part of the SREP practicum placement should be designed to provide the site with useful data summaries and some tested relationships that could inform further development of improved approaches or confirm positive results of the established services. Experience has shown that having a SREP student at a community health agency site helps to stimulate a discussion of the kinds of data available at the site and its potential use to inform the program. We have repeatedly found that program personnel are so fully occupied with day-to-day demands that they seldom have the time (or, in some cases, the training) to review program service data or to consider how that data might enhance program evaluation. In discussions between the student, the practicum mentor, and the SREP staff, evidence-based approaches drawing on available data for that site can be brought up and considered, and throughout the student's practicum placement, such issues are highlighted.
Stage 3 During the final stage, the students return to the Tsaile campus of Diné College and participate in a 1-week session where their practicum experiences are shared. Each student analyzes the data gathered during the practicum and prepares a formal, individually delivered presentation of the research service that he or she provided for the practicum site. The presentation consists of a description of the placement site, community setting, issues at that site, a research question and hypothesis, needs statement and literature review, methods, analysis of data, results and conclusion, and discussion.
Cultural activities In addition to the public health coursework and the practicum experience, the students participate in a variety of cultural activities during the program. The intent is to reinforce the students' understanding of the conceptual basis for more fully appreciating Native American lifestyles, emphasizing their relevance to contemporary life. Students are more likely to develop an interest in prevention research if those interests are nurtured in a culturally supportive environment. In the first morning session of the 10-week program, SREP is initiated with a blessing and welcome in a traditional ceremonial hooghan, conducted by the President of Diné College or other leadership at Diné College. A hooghan is a round building, set in a specially chosen place, which becomes a center of strength, clear thinking, and sound planning, and is used for Navajo healing ceremonies. The following evening, there is a talking circle. Talking circles, a group-based format, are a Native American cultural tradition where people gather together in a circle and each person shares his/her personal story or thoughts related to a particular topic. The students also participate in various physical activity sessions including a team building Ropes Course in Shiprock, NM, a Navajo community-led "Just Move It" fun walk/run, and a walk through Canyon De Chelley to White House Ruin (an ancient Native American cliff dwelling), and collectively gain experience in the use of a pedometer to monitor daily activity.
The program has had nine successful years of operation and averages about 12 students each summer. Between the years 2000 and 2006, 90 students participated, representing 21 tribes from across the USA. In 2007 and 2008, the program was expanded to include a cancer focus as one of the many components of the P20 collaborative project between Diné College and Mayo Clinic.
Development of Cancer SREP
Through the P20 grant collaboration, we planned, developed, piloted, and refined a Cancer SREP at Diné College. Information on cancer research was first introduced to the 2005 SREP students. Mayo Clinic faculty provided presentations based on their experiences with respect to communitybased participatory cancer research topics including tobacco cessation (CAP) and colorectal cancer screening and prevention (MAT). Community outreach activities were also shared with the students, and community educational resources relevant to cancer were distributed for their use. The upcoming implementation of the P20 project was also discussed with the students and faculty in the format of a focus group, including the vision for a cancer-focused SREP, and feedback was obtained. This process was repeated at the 2006 SREP.
In 23] and Web sites including those of the National Cancer Institute. Feedback on the curriculum for Cancer SREP was obtained from our national advisory committee formed for the P20 project comprising Native American scientists as well as others conducting cancer research within Native American communities. In addition, the curriculum was reviewed by a community advisory committee comprising Navajo health care providers and other community members.
The general structure of Cancer SREP followed that of previous SREPs, with three stages and cultural activities and diabetes topics included, but with a cancer focus added. During stage 1, on the first morning, the students were given a general overview of the diabetes and cancer tracks. After they had an opportunity to discuss the different program options and ask any questions they might have, the students made their decisions to focus on cancer or diabetes research (students had previously indicated their tentative selections during the application process). All students, regardless of track, participated in education on public health, epidemiology, statistics, health promotion and disease prevention, relevant disease processes, and research methods topics and developed a group presentation as described above. During stage 2, each student was placed in a diabetes or cancer prevention research program. Table 1 shows the general topics, cancer topics, and diabetes topics covered in both the 2007 and 2008 programs. The diabetes topics followed the basic structure of SREP in previous years. As indicated in the table, there were 29 general topics provided to all students as a whole regardless of their chosen track, which included both diabetes and cancer topics. Five of the seven diabetes topics were provided only to students within the diabetes track, while two were presented to all students. Three of the nine cancer topics were presented only to students within the cancer track, while six were provided to all students. In addition to presentations, Mayo Clinic faculty participated by helping the students with their daily homework assignments and providing assistance and feedback on their group projects. In addition, there were several visiting faculty members from other institutions who presented and assisted the students. Measures All students completed a pre-and post-program survey assessing attitudes, opinions, and knowledge about research and about cancer. Baseline surveys were administered on the first morning of the program. The items are shown in Tables 2 and 3 . Responses assessing students' opinions and attitudes were collected using four-point Likert scale variables with possible responses of "strongly agree," "agree," "disagree," and "strongly disagree." Response options for the knowledge questions were "true," "false," and "I don't know." The survey also asked for qualitative feedback on whether the student would recommend the program, what was the most important thing he/she had learned, and how the student would use the knowledge and skills gained from their participation in the program.
Short-term outcomes of participation in SREP were assessed in annual surveys conducted by email: retention in educational program, completion of Associate of Science then Bachelor of Science degrees, retention in major (in this case, in some kind of area related to SREP), additional research or other internship, or presentation after SREP, and employment in fields using SREP skill/knowledge set.
Statistical Methods
Integer values from 1 to 4 were assigned to the four response options in the Likert survey questions. Because some of the questions were positively phrased (such that strongly agree was the most appropriate response) and others were negatively phrased (such that strongly disagree was the most appropriate response), variable values were assigned such that higher values always corresponded to the more appropriate response. Questions assessing students' knowledge of cancer and research were re-coded as "correct" or "incorrect." Students responding "don't know" to any given question were grouped in the incorrect category. Data were summarized using means and standard deviations for ordinal variables and frequencies and percents for categorical variables. We examined pre-post program changes in the ordinally scaled opinion and were used instead of the more traditional asymptotic chi-square tests. Next, we calculated the total percent of correct responses for a given student across all 13 questions, separately for the baseline and posttraining questionnaires. We then compared these baseline and post-training summary percentages using paired t tests. Because our sample included only 22 individuals, we decided a priori to use one-tailed statistical tests to maximize power. For each variable, we tested for strict increases (in the ordinal values for the opinion and attitude questions and in the proportion of correct responses for the knowledge questions) from baseline to post-program. All observed findings trending in the opposite direction of that hypothesized were deemed non-significant. Analyses were carried out using the SAS system (SAS Institute, Inc., Cary, NC).
Results Table 2 shows pre-post program mean responses for the opinion and attitude survey items. Significant changes were observed for the items "Program evaluation is needed in my community," "I know how to conduct good research," and "I can make a difference in the health of my community" with an increase in the mean for these items pre-post. Table 3 shows the percent correct for the knowledge items at both time points. Combining all 13 knowledge items, the mean total correct percent at baseline was 70.3 (SD=15.9) and at post-program was 82.1 (SD =13.1). The mean difference in total percent correct pre-post program was 11.9 (SD=16.6, p=0.002, one-tailed paired t test).
The acceptability of the program in both years was high. All students indicated that they would recommend the program to another student. When the students were asked about the most important thing that they had learned, several themes emerged in the student responses. For example, students reported an increase in their knowledge and understanding of: (1) how to design and execute a research study, (2) how to utilize statistical methods for analysis and for presentations, and (3) the need for cancer research specifically on the Navajo Nation. For example, "I learned how to conduct cancer research and how to implement it in our community, in the future" and "I learned how to address a health topic…." When asked how they would use the knowledge and skills gained from their participation, the students reported that they would take the knowledge back to their community or family and use the information learned in future classes, research, and intern- ships. Some specific comments were: "Participate more in community studies," "Get more information on diabetes and cancer for myself and my family members," and "Help out my community and make it a better place…."
Short-Term Student Outcomes
For the 2007 and 2008 SREP students (N=22), 14 (64%) are still in the educational pipeline, either with Diné College (five), another 2-year institution (two), or having transferred to a university (seven). That rate of retention compares favorably with the typical 1-year (44%) and 2-year (35%) retention rates of other Diné College students. Of those, 11 (79%) remain in majors related to public health or health science, which is a fairly high rate. Six of the students are currently employed, with two employed in fields related to public health and the other four simply working for a period of time before returning to school. From the cohort of 22 students, eight have subsequently received Associate of Science degrees and one a Bachelor of Science degree. This rate (41%) compares very favorably to a cumulative graduation rate of around 6% after 3 years that is more typical of the Diné College student body. Four of these students went on to be selected for a higher level cancer research internship at Mayo Clinic, and three of them were able to take advantage of the opportunity and completed it successfully. Two other students went on to participate in other internships in science research areas. Four of the students participated in intensive multiple day training with the Native Investigator Research Training Program with the University of Colorado-Denver (sponsored by the Native Elder Research Center).
Development of a "Cancer Prevention and Control" Course at Diné College
The Cancer SREP pilot experience was used as the foundation for the development of a new three-credit course at Diné College entitled "Cancer Prevention and Control." The course was offered at Diné College for the first time during the Spring 2009 semester and included both biology and public health topics related to cancer, causes of cancer, and cancer prevention and control. Students had the option of enrolling in the course either as a Biology course or as a Public Health course. 1 The course was offered via interactive television at six of the eight campuses of the Diné College system (two campuses in New Mexico and four campuses in Arizona), with a total of 22 students enrolled at all campuses.
Discussion
This project addressed a considerable gap in the field of cancer education. Some programs have been developed to stimulate interest in a research career among Native Americans through masters, doctoral, or post-doctoral level training [18, 24] . Other programs have been designed to enhance Native American undergraduates' interests in pursuing a career in medicine [15] . These include the University of Minnesota, Native Americans into Medicine program (http://www.caimh.org) and the University of New Mexico Bridges Program (http://hsc.unm.edu/som/fcm/ CNAH/index.shtml). However, these programs have not focused on cancer research education specifically. It is important to reach Navajos early in their post-secondary education to enhance their skills in conducting research and interest in pursuing science degrees. In this project, we developed a cancer research education program (Cancer SREP) for Navajo and other AI/AN undergraduates. The program was found to be culturally acceptable and resulted in changes in some of the attitudes and opinions about research and about cancer. Short-term student outcomes following the SREP program were also favorable. Moreover, the curriculum was adapted for a new "Cancer Prevention and Control" course that is now offered as an elective at Diné College, enhancing sustainability. Ultimately, these efforts may serve to build capacity in Native American communities by developing a cadre of future scientists to develop and implement cancer research that will benefit the health of AI/ AN people [21, 25] . A limitation is the small sample which likely limited our statistical power to detect significant changes on other attitude/opinion findings. We also found that knowledge about cancer increased significantly pre-post program based on the total percent correct for the 13 knowledge items. We did not analyze the data separately for those who chose a cancer or diabetes track, respectively, because of the small sample size within each subgroup and because all students were exposed to cancer and diabetes topics. The items included were very general with respect to cancer knowledge given that the course was an introduction to cancer prevention and control. Future evaluations could include more specific cancer knowledge items and inclusion of case studies as part of the assessment. This would allow for testing of assimilation and application of knowledge.
With respect to "lessons learned," through the process of developing and implementing the curriculum, we have learned that efforts are needed to improve the recruitment of Cancer SREP students. There is a need to develop different cultural approaches to engage the community in a dialogue about cancer prevention and research which would help to increase family and community support for student participation in such activities as SREP. The new "Cancer Prevention and Control" course now being offered at Diné College is also a potential avenue to reach and engage potential students to participate in Cancer SREP. Moreover, we learned that there is a need to work with potential mentors to increase the perceived value of mentoring students and also to be creative in finding placements that address health promotion improving the number of possible mentors for the students. Moreover, prospective follow-up of students who participated will be needed to assess longterm outcomes such as completion of a graduate degree.
